Abstract-the need for a non-intrusive evaluation infrastructure platform to support research on reliable pervasive health care in the unsupervised setting is analyzed and challenges and possibilities are identified. A list of requirements is presented and a solution is suggested that would allow researchers to more easily build and evaluate prototypes for measuring and quantifying the use-context of patients using current state-of-the art biomedical devices in the unsupervised setting. An initial implementation is introduced as the reliable evaluation infrastructure (RELEI) platform. Several research prototypes using the basic RELEI platform are presented to illustrate the purpose, and provide experiences on platform usage.
INTRODUCTION
Healthcare systems are challenged by the demographic changes of the coming decades and the resulting projected massive increase in chronic patient group levels [1] [2] [3] . Many studies have investigated the potential of moving patient care out of the hospitals and clinics, and into the home setting, increasing patient-empowerment and self-treatment as one of several potential remedies to these challenges [4] [5] [6] [7] [8] . Most of this research has focused on providing the infrastructure needed to allow patients to self-monitor at home and convey the measurements to caretaking staff in the clinic, focusing on saving transport time for patients, more frequent measurements, and new ways of organizing healthcare institutions [4, 5] . Other work has investigated patients and health care professionals acceptance of these changes in work organizations and at home [6, 7, 9] .
Research within the telemedicine field has suggested meeting these challenges by improving treatment efficiency using both traditional and novel communication technology for remote care and consultations. This includes remote monitoring of patient parameters such as heart rate, blood pressure, weight, oxygen-saturation, medical adherence, and other parameters [10] [11] [12] . This allows for monitoring patients in their homes or other unsupervised settings remotely from the treating physician's office, as well as increased patient-empowerment, self-care, and autonomy [5] .
However, this alternative paradigm presents several challenges. When a patient is sent home or left unsupervised with a biomedical device. He is no longer personally guided 260 and monitored by a treating physician or nurse, but is left on his own to perform the measurements or take the prescribed medication. As a consequence the quality of the measurement is no longer guaranteed by a healthcare professional, but relies on the patients training and abilities, and on the level of technology support provided. Healthcare professionals thus have to rely on the patient's ability to follow the prescribed treatment plan and guidelines. Medical research has identified that patients to a large extent do not follow such guidelines [l3-15] . This may result in erroneous and misleading readings, and may lead to the healthcare professional providing a suboptimal treatment due to the low quality of data obtained [16] [17] [18] .
In order to investigate these challenges, we need methods and tools that will allow us to gain a better understanding of how the patient is acting in situ in the home or unsupervised setting while using pervasive healthcare equipment. For example, we would like to understand to which extent a patient correctly follows the guidelines on how to perform valid home blood pressure measurements. Is the patient sufficiently rested, seated correctly, and in a low-noise environment? Are the data even measured on the right person? Another example could be whether a patient is taking the prescribed medication at the correct time and dose, or if a patient is measuring weight before breakfast, after morning toilet visit, and without clothes as instructed. In other words, contextual factors, that may affect patient adherence and bias measurement data.
Traditional methods useful for this kind of research activities include observations in the home setting by researchers, either directly or through video capture [19] . This requires the researchers to be present in the home and may be very time-consuming and privacy-invading. As such, this method is not feasible for anything more than limited qualitative studies. There is also the risk of inducing bias on patient behavior during measurements, when being observed. Video recordings are less intrusive, but still demand a fairly large technical setup as well as extensive reviewing work. Also, the ability to correctly capture all context information might also be limited when using a single camera only. Is it for example possible to capture video for verifying both whether the user is correctly seated while also monitoring placement of the feet and the handling of the blood pressure device?
As an alternative to direct or indirect observations, it is possible to develop research prototypes that can discretely measure the desired use-context during a healthcare session.
For example, by developing a prototype with sensors to detect whether the user is correctly seated, and measure noise levels during blood pressure measurement. Rather than using direct observations or video-reviews, the researchers will gain a formalized and discrete data set of relevant user-behavior that can automatically be data-processed and correlated with the measurements. In this way, it may arguably be faster to perform longitudinal studies on a larger population, leading to a more comprehensive understanding than could be achieved with manual observations and data processing.
Creating such prototypes is however a non-trivial task. Depending on the problem under investigation, there is a need for a data acquisition platform, consisting of a computer with relevant processing capabilities, a sufficient communication infrastructure, relevant user interface hardware, video and/or audio recording, patient identification and other relevant features. Often research prototypes are limited to run on a specific device; a smart phone, personal digital assistant, or personal computer platform, and cannot necessarily interoperate with other equipment.
We suggest designing a common and open source software and hardware infrastructure platform for easy development and deployment of pervasive healthcare prototypes with a focus on studying adherence in the unsupervised setting. This platform is mainly intended for exploring the problem domain and providing a design space for constructing and evaluating reliable pervasive healthcare research prototypes. The platform is intended for designing relevant research experiments and studying patients unobtrusively, but could also be used as a platform for pervasive healthcare in the home setting, if adapted and matured as necessary.
Rather than having each research project design and build their own platform from the bottom, we propose having a common platform to start development, allowing reuse of common hardware and software components available for pervasive health care and biomedical engineering projects. This could include, but is not limited to research projects exploring: medical adherence issues in the home setting, issues related to healthcare home measurements such as blood pressure, weight, blood sugar, oxygen saturation, and also in the case of rehabilitation programs -the ability of the user to follow the planned exercises in a correct manner. Reusable components could include integration with healthcare devices like blood pressure devices, weight-scales, blood sugar monitors, oxygen saturation monitors, and context-aware sensors such as bed or chair occupancy sensors, movement and activity sensors, but also communication infrastructures could be shared.
In order to identify challenges and define requirements for such a system, we have analyzed a range of pervasive healthcare projects and frameworks.
II. ANALYSIS OF PERVASIVE HEALTHCARE PROJECTS
Within the last two decades, the ubiquitous and pervasive computing communities have engaged intensively in the healthcare domain, experimenting with novel technology and user interaction techniques for enhancing healthcare. They are inspired by the ubiquitous research tradition as framed by 261 Weiser [20, 21] , with a major focus on the key concepts of calm technology and context awareness for providing a better user experience, and broader access to data and services. Pervasive healthcare has been established as a separate research field within the pervasive computing paradigm [5, 8, 22] , focusing on healthcare in the hospital setting, as well as in the home of the individual patients. Bardram et al. defines it as being "the application of pervasive computing in healthcare" [22] while Varshney defines it as "healthcare to anyone, anytime, and anywhere by removing locational, time and other restraints while increasing both the coverage and the quality of healthcare" [8] .
In a recent review, Orwat et al. [4] identified 69 articles describing 67 different systems that investigated the application of pervasive and ubiquitous technology in the healthcare domain. They conclude that a broad and heterogeneous range of systems exist in the field and that these are build and evaluated using a multitude of different technologies. Such technologies include differences in: hardware platform, network and communication protocols, operating system, middleware, programming language, and more. In order for an evaluation platform to support such a diversity of technologies, we need to support a high degree of technology heterogeneity. We thus infer the requirements 1-4 (see section III for list of requirements), with a focus on multi-feature support, heterogeneity, openness, flexibility, and ease-of-use.
Most of the systems investigated by Orwat et al. are only described and evaluated in their prototype stages. Indeed, designing, implementing, and evaluating proof-of-concept prototypes are the preferred methodology of both the pervasive computing and pervasive healthcare communities [4, 5] . This includes laboratory experiments, followed by possible in situ deployment, e.g. in the home of patients. Orwat et al. conclude that further research on the deployment of pervasive computing systems, including clinical studies, economic and social analyses, user studies, and more, is needed [4] . Reliability issues does not appear to be a major concern, and most often refers to the reliability of devices and infrastructure, rather than the reliability of patients using the equipment in a correct and consistent manner. However, user identification and usage context tagging is not ensured in most solutions, prompting for requirements 5-7 to support this in future studies.
Bardram et al. [6] investigates the patient-physician relationship based on the introduction of homecare monitoring equipment, such as a blood pressure device connected to a personal digital assistant, and the implications of these findings for the design of pervasive health monitoring technologies in the home setting. In this study, only limited attention is given to the correct operation by the patient of the blood pressure device, and how this could be quantified and measured, and thus the reliability of the measurements in the home setting is not investigated. We find that support for user-context tagging and identification appears to be relevant for this and related case studies, as stated in requirements 5-7.
Clemensen et al. [23] studies patients suffering from diabetic foot ulcers and how pervasive technologies could assist in improved home care, resulting in fewer visits to the hospital. This is achieved by a visiting home nurse using a standard camera phone taking pictures of the ulcer, and conferring with the treating physician at the hospital via phone, data being transferred to a common web platform. This has led to reduced transportation of the patient, and increased cooperation between visiting home nurses and hospital specialists. The project has not allowed the patients increased autonomy, as they must still rely on both a visiting home nurse and teleconference meetings with the hospital physician, and only limited savings of staff time-use. Observations are made qualitatively with researchers interacting with the patients and nurses in the study. There is no means for capturing usage once researchers are not participating. We suggest that requirements 1-8 are relevant for this case study, allowing capture of the use context with a reliable and heterogenic platform.
Gronvall et al. [24] studies how assistive technologies can support home-based rehabilitation for elderly affected by Vestibular dysfunction, a disease which causes dizziness and provokes discomfort and fall situations. But whether the patient is training as instructed cannot be verified by the device, and thus the quality of the rehabilitation is not investigated. Observations are made qualitatively with the researchers being in situ. To promote prolonged usage, we suggest a reliable platform, which could evaluate whether the user complies with the rehabilitation guidelines, and records context-relevant audio and video for researchers to review and evaluate longitudinal usage.
Using pervasive concepts and technologies for improving medical adherence and increasing reliability of self-medication systems have been investigated in a wide range of projects, including the Magic Medical Cabinet [25] and the MedTracker system [26] . Also, Fishkin et al. [27] rely on technology for increasing the reliability of the measurement performed, concerning exactly which medication was taken and when. More recently, Oliveria et al. in the MoviPill project [28] investigated how persuasive technologies could engage the users through adding incentives in the form of competition or similar, to improve their adherence levels, registering when medication is taken, and thus quantifying patient adherence [28] . In these studies, patient adherence to treatment is the main focus, and the quality of the data is investigated as a main objective. Here, patient use-context is partly registered, as the time of taking the medication is considered an important parameter. No thought has been given on sharing a common platform for the technology, and registration of context data is done only in a proprietary fashion. Also here, it would be relevant to record video context and patient identification for evaluating whether the patient is actually taking the medication, also supporting requirements 1-8.
Wagner et al. [15, [29] [30] [31] have identified the need for obtaining more reliable home blood pressure measurements than is current clinical practice. Here, it is suggested that a common platform could be employed in order to identify the patient taking the blood pressure, but also the context and circumstances under which the measurement is being performed. The need to detect user stance, activity levels, noise levels, and activities of daily living in general has been identified as important contextual parameters to measure, and 262 provide as meta-data for more valid measurements. It is also discussed that other healthcare related services could benefit from a common platform and open access to context data, and finally, that third party products and services, such as a blood pressure device, should be easy to integrate in a project. Also here, we suggest requirements 1-8 be facilitated.
In order to allow for experimenting with advanced user interaction and sensor networks, an infrastructure platform is needed. Some infrastructure platforms are based on specialized embedded gateway computers, smart phone based applications, or in the shape of body sensor networks [4, 5, 8, 10] . Also several infrastructure platforms for pervasive healthcare, telemedicine, and ambient assisted living (AAL) projects have been proposed [2, [32] [33] [34] [35] [36] [37] [38] [39] . These platforms aim at enabling the patients to monitor themselves at home, employing a range of health care devices, and freeing the patients from having to visit a physician. They focus on interoperability of devices, as well as procuring the data transport from sensors to hospitals. We review selected projects in the following.
ElHelw et al. reports on an integrated multi-sensing framework for pervasive healthcare monitoring, as part of the Smart and Aware Pervasive Healthcare Environments (SAPHE) project [32, 33] . This is a complete and integrated multi-sensing framework for home monitoring of patients, including a sensing platform, data fusion and analysis, and a software architecture suitable for pervasive healthcare applications. System hardware and software implementations have not been made publicly available for further research, and as such, the system does not appear to be extendible with features for investigating reliability and third party sensor nodes.
Eisenhauer has proposed the Hydra Middleware as an open software platform for pervasive healthcare applications [34] . The Hydra Middleware has amongst other been used for implementing an ambient disease management system [35] and as a development platform for integrating wireless devices and sensors into ambient intelligence systems. The software infrastructure has been made available as an open source implementation, but no sensor hardware is available. The platform calls for heterogenic programming language support, and support for mUltiple concurrent applications and services.
Recently, UniversAAL was introduced as an attempt at creating a unified software platform for ambient assisted living (AAL) projects based on open source [39] . UniversAAL builds on several previous European AAL projects. Like Hydra, UniversAAL is primarily meant as a software and service platform and does not provide specific hardware support for investigations into reliability issues.
The OpenCare project is an open, flexible and easily extendible infrastructure for assisted living and pervasive healthcare solutions [2] . Like UniversAAL and Hydra, no ready-made hardware platform is provided. Instead OpenCare relies on standard commercial off-the-shelf hardware. A long range of commercial and third party sensors have been integrated along with research prototypes to investigate the practical implications of supporting a heterogeneous range of healthcare and assisted living products in a common platform.
Commercial platforms have been used for telemedicine studies, including the Intel Health Guide PSH6000 (IHG) [36] and the Tunstall mymedic TeleHealth Monitor (TTM) [37] . The IHG and TTM systems have been used in several clinical trials, including in the TELEKAT project [11] to obtain an empirical understanding of the area of telemonitoring, including for chronic patient groups suffering from hypertension, diabetes, asthma, chronic obstructive pulmonary disease (COPD) and others. These platforms use visual and auditory guidance in order to increase the compliance of the patients. However, they do not have the ability to quantify the level of adherence. These platforms are not open, and can as such not be used for doing research on reliable pervasive healthcare and for context tagging of health care data.
The reviewed platforms are all based on either a single stationary gateway system with a permanent power supply; either a computer or access point, or a mobile device such as a smart phone. Reliable usage dependents on correct device operation. However, if the hardware platform seizes to operate, infrastructure platforms such as Hydra, UniversAAL, OpenCare, and the Intel Health Guide will simply stop working. This problem does not appear to have been addressed elsewhere in the literature. This could especially be a problem with mobile platforms, which may run out of power if the user is not attentive to this. The permanent power gateways and computers may also fail, as they support limited mobility, usually confined to a room or a building. It could thus be suggested that a reliable infrastructure would support both mobile and fixed installations, the mobile taking over while the user is mobile, and fixed installations being used while user is stationary. Other problems could include network failures. Here, redundancy of network infrastructure could benefit, e.g. support both wired ADSL and 3G communication. These issues are addressed by requirement 9.
III. REQUIREMENTS FOR AN EVALUATION INFRASTRUCTURE
From the above review of existing pervasive healthcare projects and commercial platforms, we have identified a a range of potential requirements for an evaluation infrastructure prototype for building and evaluating reliable pervasive healthcare projects. The list should neither be considered complete nor universally applicable, but rather an initial starting point for discussing and exploring the possibilities of creating such a platform.
1. Multi-featured Platform: The evaluation infrastructure platform should be able to deliver sufficient computing power to cater to the needs of a wide range of reliable pervasive healthcare research projects -including: situation recognition of context, medical data analysis, user behavior monitoring, and other computational intensive tasks. Also, the platform should be able to support a wide range of communication standards for supporting relevant biomedical and context aware sensors and devices.
Heterogeneous Execution Environment:
Support for multiple programming languages should be provided by the evaluation platform, allowing researchers to 263 deploy different types of services and applications, and use external frameworks.
3. Openness and Flexibility: The evaluation infrastructure should allow for new frameworks and toolkits to be included, and allow for easy service composition. E.g. the Java Context Awareness Framework (JCAF) [40] could be used for context awareness purposes, while the SPINE framework [41] could be used for user activity tracking and body sensor network integration, and the Hydra, UniversAAL, or OpenCare platform could be used for life cycle management and service composition.
4. Ease-of-use: The evaluation infrastructure should be easy to use and to extend with new features and services for research within reliable pervasive healthcare. Focus should be on the problem under investigation rather than getting the framework to work.
Context Recording: Features for audio and video
recording of context triggered events should be available. Activating recording e.g. when a user is seated in a chair, a fall is detected, or a user is getting out of bed, etc., so that collected data can be compared to what actually took place for manual verification.
6. User Identification: Easy access to user identification, through both radio based (RFID and NFC) and biometrical (fingerprint, voice, and face recognition) means.
7. User-context Detection: Programmatic access to common movement sensors, chair and bed occupancy sensors etc. should be available.
8. Multi-application Support: In order to support evaluating more than one project on the same platform, e.g. both evaluating for medical adherence, while also evaluating for reliable blood pressure measurement, the evaluation infrastructure platform should support running several evaluation applications concurrently.
9. Reliable Execution Environment: Applications and services running as separate processes should be controlled in a reliable fashion by a life cycle manager, so that services and research applications are kept running and automatically restarted if necessary. Also, the hardware platform should be made reliable, e.g. through redundancy of critical components, as to avoid single points of failure.
IV. SUGGESTED SOLUTION
We suggest designing a solution that can meet the requirements of section III combining both hardware and software components, and basing it on open source and open hardware, as well as commercial off-the-shelf standard products, rather than proprietary and closed solutions. This would allow the research and commercial community to collaborate in the development and testing of such an evaluation infrastructure platform, and ease the reproduction of results.
The suggested solution could be seen as both representing the vision of how a general purpose reliable pervasive health care platform might function, as well as being an experimental tool for evaluating infrastructure, sensor-devices and use-context with a focus on reliability and adherence. Thus, the platform could both be useful for creating a complete smart home infrastructure [42, 43] supporting ambient assisted living [42] , or more special purpose portable telemonitoring health gateway platforms for easy non-stationary deployment in the home of patients, or simply to inform the design and create more reliable stand-alone biomedical devices (see Figure  1) .
The suggested solution can never be considered completed, as its open nature allows it to develop over time, and include or replace various components as needed. It is intended to be used for active research with a focus on reliable pervasive health care. In this manner, the feasibility prototypes will be deployed in the laboratory as well as in the homes of patients, and the fmdings from these feasibility case studies will form the empiric background for informing the future design of the solution, while also informing the design of other platforms, such as smart homes or stand-alone biomedical devices. Requirement 1, 2, 8, and 9 dictates the solution to be heterogeneous and allow different applications and frameworks to co-exist and communicate. This could be achieved by separating the individual services and applications into separate processes, and use inter-process communication. We suggest using standard middleware with adequate tool support, as this will keep productivity high, while allowing for easy integration of new services and components.
We also suggest wrapping biomedical devices and context aware sensors, as well as general purpose services such as notification, communication, persistence, and other relevant components, into a middleware controlled service layer, governed by a life cycle manager to secure the continued operation of services and applications, as previously suggested in the Hydra, UniversAAL, OpenCare and other service oriented frameworks.
v.
CURRENT RELEI PLATFORM
The current version of the RELEI platform is an initial implementation of the suggested solution. It allows researchers to utilize the individual components of the platform either as stand-alone components that may easily be integrated into a research prototype, or as part of the OpenCare Service Engine (OCSE) framework. OCSE is used for life cycle management and service composition. Using the OCSE platform, we have explored using middleware to separate processes controlled by the OCSE life cycle manager, meeting the reliability requirements identified (requirement 9). In this way, it has been possible to easily build a number of prototypes investigating various clinical topics of interest using the platform, both in the laboratory and in the home setting. The OCSE platform ensures that a process or service that is failing cannot cause the entire system to fail, and that the process is restarted. This is achieved 264 by separating services and user interface applications by a middleware layer, so that all inter-process communication is done using either socket or named pipes communication. Different versions of OCSE have employed different middleware frameworks. In the two recent versions, the Internet Communication Engine framework (ICE) and Web services using the Windows Communication Foundation framework were used respectively. Initial experiences with this approach appears promising, and it has allowed us to have a platform that is independent of where processes are running, including hardware platforms, as long as they are placed within the same network.
The .NET platform was chosen as the main development platform for RELEI, as this platform can run on several operating systems, including the Windows family, Windows CE, Windows Phone 7, .NET Micro (embedded framework), Linux and Android (via Mono). The choice of middle ware has allowed a heterogeneous focus, where external frameworks, toolkits, and applications can easily integrate via the middleware layer using multiple programming languages.
We have created components and service implementations for several typical pervasive healthcare and telemedicine devices, including from A&D, Omron, Nonin, Corscience, and Beyer. A total of four different commercial blood pressure devices, two ECG devices, three weight-scale devices, two blood sugar devices, and a single pulse/oximetry device. These software components allow researchers easy access to relevant biomedical devices for experimental purposes. Also, context aware sensors for specialized projects have been developed which are generally applicable in reliable pervasive healthcare research, including: bed-occupancy sensor, movement sensor, door sensor, activity sensor, noise sensor, as well as several prototypes of an intelligent chair and a mobile chair-seat, for measuring whether a patient measuring his blood pressure is correctly seated and in a low noise environment. Also, we have created a medication sensor for tracking medication adherence [44] .
We have also created video and audio recording components, which can be triggered by relevant contextual events. Besides such video and audio recordings, the platform can also record the context-sensor data during a healthcare session, allowing for a precise and discrete quantification of user behavior during measurements that can be coupled with the video or audio capture. Previously we have provided research prototypes that use NFC, RFID, and 2D barcode components for identification of users and equipment [45] . We have also integrated face recognition and voice recognition software for user identification. We have interfaced with the SPINE framework [41] for Body Sensor Network support, in order to support fall detection and patient activity tracking.
The RELEI platform (Figure 1 ) has been implemented and evaluated in three physical versions: One as a stationary smart home base station configuration that we are using for evaluations in our smart home laboratory (Figure 3 ), another as a brief-case packed portable platform for easy deployment in the home setting of patients (Figure 2) . And, finally as a portable tablet-based device. The first two platforms features built-in RFID for user identification, web cam and audio, as well as WiFi to 3G routing facility for ad hoc networking, in order not to rely on the individual patient to provide this functionality.
RELEI for
Pervasive Healthcare Figure I . The RELEI platfonn can be used for assessing the reliability of pervasive healthcare systems. Experiences and components of RELEI may also contribute to the improvement of biomedical devices, telemonitoring gateway platfonns and for smart homes.
In Figure 2 the brief case version is displayed attached to one of the reliable home blood pressure measurement evaluation prototypes [30] , in order to test for patient stance and noise levels, while measuring a blood pressure. 
VI. FEASABILITY PROTOTYPES
Several feasibility prototypes for testing various aspects of reliable pervasive healthcare have been constructed using RELEI both with and without OCSE. This includes three studies investigating different aspects of reliable home blood pressure measurements [29] [30] [31] . Also, a feasibility prototype for exploring context-aware medication reminder service as a means for improving medication adherence levels with hypertensive patients has been investigated [44] . A weight scale application have been implemented, testing for patients ability to measure their weight directly after getting out of bed, as recommended for monitoring sudden weight chances.
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The latter two prototypes are interfacing with a bed occupancy sensor to collect knowledge on patient rise times, and a context-aware medication cabinet and an industrial weight scale respectively, for knowledge on when the patient is taking his medication and performing the measurement. The first three constructed prototypes are interfacing with two different chair-occupancy sensors, for investigating patient stance, as well as three different blood pressure measurement devices. One prototype was also integrated with the SPINE framework, to communicate with a wireless body sensor using a TinyOS equipped sensor node, providing an indication of patient activity levels before and during measurements [31] .
Using RELEI components we could successfully track patient behavior and context during blood pressure measurements in the unsupervised setting. We recorded audio for verifying whether the patient would speak during measurement, and we recorded whether the user was seated correctly, back supported, and legs not crossed according to guidelines. Using RELEI components enabled us reuse existing components, including the wireless blood pressure device, the audio recording component, as well as the life cycle manager component. Also, the RFID component was used to identify the patients. Another approach could have been to utilize a face recognition or fingerprint component for this. Also, we used the SPINE component for tracking user activity levels before getting seated, and could update the adherence model with this. In another case study we were also able to successfully track when a patient would leave his bed and when the patient would take the prescribed medication. Again, we used standard components and services, including bed sensor component, medication adherence component, and the notification service component for sending a reminder text message to the patient smartphone, if they had left home without taking the medication.
We are currently investigating using RELEI to model adherence in the unsupervised setting involving various chronic patient groups: COPD, diabetics, hypertensive, Edema, and heart and kidney disease patients in seven research projects.
VII. DISCUSSION
Several existing platfonns for pervasive healthcare have been presented, both research level, including the SAPHE, UniversAAL, and Hydra platfonns, as well as commercial platfonns such as the IHG and THM. As such, it could be argued, that there is no need to introduce new platfonns. However, while research platfonns such as Hydra and UniversAAL are open for extension, they have limited hardware component support out of the box, requiring users to expand the framework with the needed components manually. SAPHE has several biomedical devices supported, but is not available as open source. Also, though Hydra and UniversAAL are based on Java, they remain open to integrate with non-Java applications, due to their reliance on Web services as middleware. On the other hand, the OCSE framework currently used by RELEI is using either ICE or W3C Web services, allowing all frameworks supported by either of these two technologies to integrate. This includes C++, Java, .NET, Python and many other contemporary programming languages. Furthennore, all RELEI components can also be used as stand alone components, by linking them directly into evaluation software, independently of the OpenCare platfonn.
The commercial platfonns have a wide range of biomedical devices supported, including weight scales, blood pressure devices, oxygen saturation and blood sugar devices. However, it is not possible to integrate these with context-aware sensors, in order to investigate aspects of reliability. Also, the ability to add external frameworks, such as the SPINE framework or JCAF is not immediately possible in the commercial platfonns. The IHG is able to integrate biomedical drivers with members of the Continua Alliance [46] . This is however apparently not targeting user-context tracking sensors and similar devices. As such, it is unclear whether such use of the IHG is feasible for this or not. We argue that it is highly relevant to keep solutions open for modification and integration, rather than closed and inaccessible. This is especially relevant for platfonns that should be used for research projects. We also argue that keeping interfaces open, flexible, and simple is highly relevant if we want to make it easy for researches to use the platfonn. If the interfaces require excessive cognitive activity to master, it might be easier to build a solution from the bottom. Openness and flexibility comes at the price of increased hardware cost and higher power consumption. A mobile device needing to support both GSMl3G communication, WiFi and Bluetooth, would require more advanced hardware components, than a single communication technology device, most likely incurring higher production costs and power usage.
We have so far relied primarily on commercial off-the-shelf hardware platfonns and technologies for the RELEI platfonn, rather than producing dedicated hardware. This could be seen as a weakness, as dedicated hardware is easier to adapt, e.g. with regards to power consumption and communication capabilities. It could as such be beneficial to integrate the periphery hardware elements such as RFID reader, 3G and WiFi router, and more, into a single unit, along with the main computer and screen. However, we have not chosen this approach in order to maintain a simple platfonn that is easy and cheap to reproduce, deploy, and test. We argue to wait until the 266 platfonn has matured sufficiently before producing a dedicated hardware unit. Also, we have not yet fully completed the service layer of the OCSE system, and thus the feasibility prototypes have so far been monolithic. This is however a design choice made within the respective project teams, as OCSE allows the individual application the choice of exposing its interface for use in service composition as needed.
VIII. CONCLUSION
We have analyzed the need for an evaluation platfonn for testing reliability aspects of pervasive healthcare systems by surveying a range of state-of-the-art pervasive healthcare, biomedical, and telemedicine projects. A list of requirements was provided, and a solution was suggested to meet these requirements. The RELEI platfonn was presented as an initial, prototypic, and evolutionary platfonn for exploring aspects of reliability of pervasive healthcare in the home setting.
